A modular synthesis of functionalised biaryl phenols from two boronic acid derivatives has been developed via one-pot Suzuki-Miyaura cross-coupling, chemoselective control of boron solution speciation to generate a reactive boronic ester in situ, and oxidation. The utility of this method has been further demonstrated by application in the synthesis of drug molecules and components of organic electronics, as well as within iterative cross-coupling.
Introduction
The main text of the article should go here with headings as appropriate. The biaryl phenol moiety is a privileged structure that has found wide-ranging applications within the pharmaceutical, agrochemical, and material industries ( Figure  1a ). 1 For example, the basic biaryl phenol skeleton represents the principle architecture of (i) the breast cancer treatment raloxifene 2 and the non-steroidal anti-inflammatory drug (NSAID) diflunisal, 3 (ii) the fungicide bitertanol, 4 and (iii) components of the E7 liquid crystal blend. 5 Biaryl phenols are also of continued interest within academic research, particularly in total synthesis where many structurally unique natural products, such as (+)-Cavicularin 6 and Biphenomycin A, 7 feature this motif.
Of the methods available for the synthesis of biaryl phenols, Suzuki-Miyaura cross-coupling 8 of, for example, halophenols with boronic acid derivatives is perhaps the most direct method. However, many of these processes can be problematic, with diminished yields due to issues with boronate formation from the free phenol. 9 Use of a protected phenol or suitable latent hydroxyl may therefore be preferable in these cases.
We considered a novel approach towards the synthesis of biaryl phenols using two boron species in which a reactive boronic ester takes part in a Suzuki-Miyaura cross-coupling to establish the required C-C bond and a protected boronic ester acts as a latent hydroxyl unit (Figure 1b ). 10 We have previously demonstrated the formal homologation of aryl boronic acid pinacol esters (BPin) using boronic acid N-methyliminodiacetic acid (BMIDA) esters 11 via chemoselective control of boron solution speciation. 12 This method provides a one step synthesis of a new reactive BPin ester primed for further reaction, such as further Suzuki-Miyaura cross-coupling, while avoiding ancillary deprotection and isolation steps. Herein we show how this controlled speciation process can be smoothly coupled to an oxidative event providing a one-pot, step-efficient, modular synthesis of functionalised biaryl phenols. 
Results and discussion
To probe the appropriateness of controlled speciation in this context, we established the reactivity of aryl BPin and BMIDA esters towards oxidation using oxidants known to be effective for similar transformations (Table 1 ). BPin esters are very labile towards oxidation 10 while BMIDA esters have previously been shown to withstand common neutral or acidic oxidative conditions such as With chemoselective boronic ester oxidation demonstrated, we sought to generate a one-pot protocol for the synthesis of biaryl phenols (Scheme 1). PhBPin (4) was reacted with haloaryl BMIDA 5 under conditions that promote chemoselective generation of a reactive BPin intermediate (6) . Subsequent one-pot treatment with H 2 O 2 generated the desired phenolic product 3a in 80% isolated yield.
Scheme 1. Modular biaryl phenol synthesis enabled by chemoselective boron speciation.
Having identified effective conditions for the modular phenol synthesis, we sought to ascertain the generality of our protocol through application to a diverse range of BPin and BMIDA components ( Figure 2 ). A library of functionalised phenolic products was rapidly prepared from commercial building blocks and with typically high levels of synthetic efficiency, especially for BMIDA units with electron-withdrawing functionality. For those reactions in which the cross-coupling was found to be slow, use of a more active catalyst system (Pd(OAc) 2 /SPhos) was beneficial. In addition to the formation of biaryl phenols (3a-r), the synthesis of styrenyl phenols was similarly effective (3s-w). In addition to the chemoselectivity control with regards to boron, this procedure also exhibits remarkable chemoselectivity for common functionality. 16 The mildly basic reaction conditions preclude oxidations that proceed via an electrophilic H 2 O 2 mechanism. Consequently, the in situ generated biaryl BPin intermediate is chemoselectively oxidised in the presence of oxidatively labile functionality including olefinic moieties such as styrenes (3s-u, w) and stilbenes (3v), electron-rich heterocycles such as furans (3f, 3o), and heteroatoms such as sp 2 -nitrogen (3c, 3d, 3j, 3n, 3r) and sulfur (3b, 3i, 3k). This latter aspect enables preparation of the biaryl phenolic core of raloxifene (3k). 2 In addition, the reaction tolerates functional groups that are potentially labile via a nucleophilic H 2 O 2 mechanism, such as esters and ketones (3h, 3l).
To further demonstrate the synthetic utility of our method, we have applied this protocol towards the preparation of commercialised products and within iterative synthesis (Scheme 2). Diflunisal 3,17 7 was prepared in 50% overall yield over two steps (Scheme 2a). The yield-limiting issue of this process was found to be the in situ generation of a protodeboronation-prone boronic acid intermediate. 18 Additionally, 8, a component of the E7 liquid crystal blend, 5 was isolated in 80% yield with no reaction observed at the oxidatively labile nitrile functionality (Scheme 2b). Furthermore, high levels of chemoselective control can be achieved in a one-pot iterative cross-coupling 11, 19 with three different boron species (Scheme 2c). Synthesis of the triaryl phenol 9 involves the formation of two C-C bonds, recycling of pinacol over multiple boron species, and chemoselective oxidation to provide the desired triaryl phenol product in 91% isolated yield.
Conclusions
In summary, chemoselective control of boron solution speciation provides expedient access to oxidatively labile pinacol boronic esters, which enables a modular, iterative synthesis of phenolic frameworks. The reaction is tolerant of a diverse range of useful functionality: pH control renders electrophilic oxidations inactive while the mild reaction conditions prevent nucleophilic oxidation of any functionality other than BPin. This approach is highly applicable as shown through the preparation of commercialised drug molecules and materials as well as within iterative cross-coupling processes. This study further demonstrates the utility of speciation control as a method for chemoselective bond formation.
Experimental Section

Materials and methods
Purification of starting materials. All reagents and solvents were obtained from commercial suppliers and were used without further purification unless otherwise stated. Purification was carried out according to standard laboratory methods. 20 Dry THF was obtained from a PureSolv SPS-400-5 solvent purification system. This solvent was transferred to and stored in a septum-sealed oven-dried flask over previously activated 4 Å molecular sieves and purged with and stored under N 2 . CH 2 Cl 2 , Et 2 O, EtOAc, MeCN, and petroleum ether 40-60° for purification purposes were used as obtained from suppliers without further purification. K 3 PO 4 was dried in a Heraeus Vacutherm oven at 60 °C under vacuum for a minimum of 24 hours before use. Experimental details. Reactions were carried out using conventional glassware (preparation of intermediates) or in capped 5 mL microwave vials (optimisation reactions and reactions for Table 1 , Scheme 1, Figure 2 , and Scheme 2). The glassware was oven-dried (150 °C) and purged with N 2 before use. Purging refers to a vacuum/nitrogen-refilling procedure. Room temperature was generally 18 °C. Reactions were carried out at elevated temperatures using a temperature-regulated hotplate/stirrer. Purification of products. Thin layer chromatography was carried out using Merck silica plates coated with fluorescent indicator UV254. These were analysed under 254 nm UV light or developed using potassium permanganate solution. Normal phase flash chromatography was carried out using ZEOprep 60 HYD 40-63 µm silica gel. Reverse phase flash chromatography was carried out using IST Isolute C18 cartridges. Analysis. Fourier Transformed Infra-Red (FTIR) spectra were obtained on a Shimadzu IRAffinity-1 machine. 19 F NMR spectra were obtained on a Bruker AV 400 spectrometer at 376 MHz. 11 B NMR spectra were obtained on a Bruker AV 400 spectrometer at 128 MHz. 1 The reaction mixture was then stirred at room temperature for 3 h. The reaction mixture was then cooled to 0 ˚C and quenched with sodium metabisulphite (176 mg, 0.904 mmol, 4 equiv) before being concentrated under vacuum. The residue was then dissolved in EtOAc (10 mL) and washed with sat. aq. NH 4 Cl (2x10 mL) and brine (10 mL). The aqueous washings were reextracted with EtOAc (10 mL), the combined organics filtered through a hydrophobic frit packed with Celite®, and concentrated under vacuum before being purified by column chromatography (silica gel, 0-30% Et 2 O in petroleum ether) to afford the title compound as an orange solid (58 mg, 88%).
Characterisation data
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